The purpose of this study was to conduct a preliminary study to assess knowledge, attitude, and practice (KAP) associated with antibiotic use among medical students (MS) and non-medical students (NMS) at Kathmandu University, Nepal. A self-administered questionnaire was distributed to 1223 students for a cross-sectional study. In total, 1222 questionnaires collected from 609 MS and 613 NMS were regarded as effective. A t-test and Chi-square test were applied to analyze the data. A total of 25 out of 39 questions in the KAP survey were found to have statistical significance. The MS showed higher levels of knowledge/attitude/practice associated with antibiotic use than the NMS. Significant gaps were found in and between the MS and NMS in the first and final years of study. Interventions, such as lectures, courses, workshops, and seminars on antibiotic use, along with internet and media campaigns, etc., are needed to improve the awareness and change the behavior of both the MS and the NMS of universities with regards to the rational use of antibiotics.
Introduction
Antimicrobial resistance (AMR) is currently a hot debate. Its hazards have been underestimated in low-and middle-income countries (LMICs) [1, 2] . The World Health Organization (WHO) recognizes AMR as a major global health problem that threatens our ability to treat diseases and requires urgent action [3] . The overuse, underuse, and misuse of antibiotics result in antimicrobial resistance problems worldwide [4] .
A review on antimicrobial resistance produced in 2014 estimated that the year's annual mortality attributable to AMR was 700,000, and that the number may rise to 10 million by 2050 if no actions are taken to reduce the inappropriate use of antibiotics [5] . In various studies, it has been found that taking an inappropriate dosage of antibiotics can result in the development of resistant bacteria and diminish the ability of the oral flora to resist the colonization of harmful micro-organisms, thereby leading to super infections caused by multi-resistant bacteria [6, 7] . In particular, second-or even third-line antibiotics may be required, which are very expensive, and lead to prolonged hospitalization and more side effects [8] [9] [10] .
Moreover, the misuse of antibiotics in treating viral infections is common and the prevalence of self-medication is alarmingly high in developing countries [2] [3] [4] . Studies in Palestine, Jordan, China, and India found that the irrational use of antibiotics among students due to a lack of knowledge, attitude, and practice has deteriorated antibiotic resistance [11] [12] [13] [14] . Nepal has been listed as a less developing country and is far behind the comprehensive governance of AMR. Antibiotics can be sold by unqualified personnel. People can easily buy antibiotics at any clinics, without a prescription. A lack of effective regulatory bodies and operative control mechanisms has caused the irrational and inappropriate use of antibiotics in Nepal [15] .
There is limited evidence regarding antibiotic resistance in Nepal. Recent studies of acute respiratory infections have indicated that more than half the cases analyzed were resistant to first-line antibiotics [16] . The National Antimicrobial Containment Action Plan Nepal 2016 was released based on WHO guidelines, and was designed to guide actions in a common effort to address urgent and serious drug-resistant threats that affect people and to take urgent action for combating resistance at national, regional, and local levels [17] . In this plan, arousing the awareness of the inappropriate use of antibiotics has been set as one of the priority areas in combating antibiotic resistance, while only a few studies on this topic have been conducted in Nepal. Nayak et al. highlighted the need for further studies among health professionals to strengthen the curriculum on antibiotics use and self-medication practices in Nepal [18] . Less concerns are focused on medical students (MS) and non-medical students (NMS), despite the fact that their knowledge, attitude, and behavior regarding the use of antibiotics have a tremendous impact on the consequences associated with antibiotic use. Only a few studies have been conducted so far among nursing and dental background students in Nepal [18, 19] . The purpose of this study was to assess the knowledge, attitude, and practice (KAP) associated with antibiotics use among medical and non-medical students at Kathmandu University, Nepal.
Methods

Study Setting and Design
The research protocol was approved by the Institutional Review Committee School of Medical Science/Dhulikhel Hospital (IRC-KUSMS), with the approval number 129/17. A cross-sectional survey was designed to be carried out at Kathmandu University. The minimum sample size was calculated based on the formula below:
where N = 15,200 (population size); e = 0.05 (margin of error); z = 1.96 (confidence level); and p = 0.05. Based on the above parameters, the estimated minimum sample size was 375. However, in order to improve the reliability of the data, the sample was enlarged to 1223 students. The MS students included undergraduate students in nursing, dentistry, medicine and surgery (MBBS). Certificate-level students and pharmacy students were excluded from the MS because they already have a professional knowledge of antibiotics. The NMS were from computer engineering and mechanical engineering, working towards a Bachelor of Technology degree in environmental science, computer science, electrical and electronic engineering, civil engineering, and chemical science.
Survey Tool Development, Pre-Testing, and Validation
The questionnaire was developed based on previous studies carried out in China, India, and Saudi [13, 20, 21] . It was piloted among 10 bachelor students. The questionnaire was further revised based on their feedback and further advice from two senior experts. The final questionnaire was comprised of four categories and included 44 questions on the following: (1) demographics characteristics (5 questions); (2) knowledge of antibiotics (15 questions); (3) attitude towards antibiotic use in terms of the severity of antibiotic abuse, its influence on students, and reasons for abuse (12 questions); and (4) practice with regards to antibiotic use (12 questions related to sources of getting antibiotics knowledge, sources of information, eagerness to learn related knowledge, college curriculum arrangement, and the appropriate use of antibiotics).
Data Collection
The survey was carried out from 10 December 2017 to 28 February 2018. Two research investigators were trained and they distributed the self-administered questionnaires to students in the classrooms after obtaining verbal approval from the school departments. Participation in the survey was fully voluntary and written consent was obtained from each of the participants. The objectives of the study, confidentiality of individual information, and other ethical considerations mentioned in the survey guidelines were explained to the participants prior to data collection. They were asked to answer as many of the questions as they could. However, if they were not sure about the answer, they could just leave it blank. Altogether, 1223 questionnaires were collected anonymously without the presence of the investigators.
Grading Method
A common grading method was used for each item in the KAP questionnaire. One point was given to the correct option, and zero to the wrong/unanswered option. Multiple answers to each of the correct options were given one score; otherwise, no score was given. The final scores were summarized for each of the individuals.
Data Processing and Analysis
The data was entered into EpiData Entry for data documentation. SPSS was applied to further analyze the data. One participant was excluded from the sample because all the answers given were the same. Variation in some of the questions was observed. Descriptive statistics were employed to summarize the data. After the scored data was checked for a normal distribution, no violations were observed. T-tests were applied to compare mean values of the variables represented by questions. A Chi-square test was used for a comparative analysis of categorical variables. p < 0.05 was regarded as statistically significant. In our early stage analysis, significant differences between the first and final year students were found, so a more in-depth comparative analysis of the two groups was conducted. Moreover, in our analysis, only those questions with statistical significance between the MS and NMS were presented and discussed. For the convenience of our discussion, these questions have been relabeled.
Results
Demographic Characteristics of the Sample
The effective response rate of the sample was 99.1%. Of the 1222 respondents, 609 were MS and 613 were NMS from different programs. The demographic background of the subjects varied: among the 609 MS, 222 (36.3%) were male and 387 (63.7%) were female, whereas among the 611 NMS, 526 (85.8%) were male and only 87 (14.2%) were female. Table 1 shows the detailed demographic characteristics of the students from different programs by number and percentage, including the gender, years of study, average monthly family income, and places to get medical care. 
Knowledge Level of Antibiotic Use by the MS and NMS
The overall scores for the MS were significantly higher than those of the NMS in terms of their knowledge about antibiotic use (mean: 10.98 vs. 8.60 (p < 0.001)). Table 2 shows the knowledge level of the MS and NMS for nine questions. In general, for each of the questions, the percentage of the MS who gave a right answer was significantly higher than that of the NMS. Special attention needs to be given to questions K3, K5, and K8, as both the MS and NMS had a low percentage of giving the right answer. Similar findings were found for the first and last year students, respectively.
The knowledge level between first-year and last-year students can be further described in the two groups. For the MS, the first year students showed a lower knowledge level than the last year students for questions K1-K4 and K6-K9, while the former showed an even higher knowledge level than the latter for question K5. For the NMS, the first-year students had a lower knowledge level than the final-year students for questions K2, A3, and K7-K9, while the former showed a higher knowledge level than the final-year students for K1, K4, K5, and K6.
Attitude Level of Antibiotic Use by the MS and NMS
Our results indicated that the MS had a higher score for the level of attitude towards antibiotic use than the NMS (mean: 6.894 vs. 6.0458, respectively; p < 0.001). Table 3 shows the level of attitude of antibiotic use by the MS and NMS for eight questions. For each of the questions, the MS had a higher percentage than that of the NMS. In particular, for questions A2, 3, and 4, the percentages of the NMS were much lower than those of the MS. For Questions A5 and A8, both the MS and the NMS had a very low percentage. Similar findings can be observed for the first-year and last-year students, respectively.
The attitude level of first-year and last-year students can be further described in two groups. For the MS, the first-year students showed a lower attitude level than the last-year students for questions A1-A5, A7, and A8, while the former showed an even higher attitude level than the latter for question A5. For the NMS, the first-year students had a lower attitude level than the final-year students for questions A2-A8, while the former showed a higher attitude level than the final-year students for A1.
Practice Level of Antibiotic Use by the MS and the NMS
Overall, the MS scored higher than the NMS in terms of the practice of antibiotic use (mean: 12.9 vs. 11.7, respectively; p < 0.001). Table 4 displays the practice level of antibiotic use by the MS and NMS for eight questions. In general, the percentage of MS was higher than NMS in terms of giving the right answers. Special attention needs to be paid to questions P2 and P4. Both the MS and NMS had a low percentage of giving the right answers. Similar findings can be found in the first-and final-year students, respectively.
The practice level of the first-year and last-year students can be further described in two groups. For the MS, the first-year students showed a lower practice level than the last-year students for questions P1, P3, P5, P6, and P8, while the former showed an even higher practice level than the latter for questions P2, P4, and P7. For the NMS, the final-year students only showed a higher practice level for question P4, while for the other questions (P1-P3 and P5-P8), the first-year students showed a higher practice level than the final-year students. 
Discussion
In our study, we found that the MS showed higher levels of knowledge/attitude/practice associated with antibiotic use than the NMS in general. Most of our findings are consistent with other studies in Nepal and other countries [12] [13] [14] 16, 18, 19] . However, for some of the KAP questions, both the MS and NMS exhibited a low level, with the NMS displaying a lower level than the MS. Like similar research, these findings not only indicated the necessity of launching specific interventions for both groups respectively and collectively, but also identified the priority areas for improvement [20] .
Knowledge Regarding Antibiotic Use
In our knowledge survey part, only 54% of the students knew that antibiotics should not be used to cure infections caused by viruses (K3), only 53.5% of the students knew that a chest infection should not always be treated with antibiotics (K5), and only 31.6% of the students thought that antibiotics could not speed up the recovery process of a cold and cough (K8). For the three questions, the students, either classified by MS and NMS, or by the first-year and last-year students, all showed a low level of knowledge, which may impact their attitude toward antibiotic use. This also indicated that, even though, for most of the questions, the MS did better than the NMS, there is still space to increase the knowledge level of the MS. Moreover, for most of the questions, it is easy to infer that the final-year MS showed a higher knowledge level than the first-year MS, indicating the effectiveness of the medical courses in terms of increasing the knowledge of antibiotic use. For the NMS, five out of nine questions were even answered better by the first-year students than the last-year students, which may reflect the situation that there is a lack of systematic interventions for their knowledge on antibiotic use in the university among the NMS.
Our findings call for interventions targeting the two groups respectively and collectively. It is recommended that a medication course is opened and handheld devices of medication are applied for the MS [21] , highlighting knowledge on the rational use of antibiotics [22] . More activities can be organized for both the MS and NMS, such as lectures by doctors and pharmacists, workshops, seminars, contests on knowledge of antibiotic use, broadcasts, etc. Nowadays, antibiotic resistance has aroused many concerns and debates in the TV, press, and Internet, etc., which raised the public awareness of its hazards [7] , while in our findings, the third most preferred way (after the hospital and clinic) to get information on antibiotics was via the media. It is therefore recommended that media approaches, such as TV programs, printed/internet news, radio, etc., could be effective ways of disseminating knowledge on the rational use of antibiotics to all university students.
Attitude Regarding Antibiotic Use
In our attitude survey part, a majority of the MS showed a high attitude level for questions A1-A3, A6, and A7, indicating a positive impact of knowledge on attitude. However, an improvement in knowledge may not necessarily lead to a higher level of attitude, which is supported by our findings for questions A4, A5, and A8, in which the MS showed a very low level of attitude. Question A4 reflected that more NMS than MS were not aware of the harm of antibiotic resistance. Questions A5 and A8 can show that the MS already had a good knowledge about antibiotic use and many of them were quite confident about the rational use of antibiotics along with saving time and money [19] . Moreover, for questions A5 and A8, both the MS and NMS had a low attitude level, indicating the room for improvement from knowledge to attitude.
Our findings call for more interventions to make students' attitude in line with their knowledge regarding antibiotic use. In particular, more focus should be put on the NMS, as they showed a much lower attitude level than the MS for most of the questions. Apart from actions to increase their knowledge on campus as a way to increase their attitude and from public media, doctors and pharmacists could be motivated to inform students about knowledge on antibiotic use. For the MS, their attitude can be further improved through internships, along with courses and public media. In particular, they can learn more from doctors and pharmacists about rational medication. However, doctors and nurses need to be educated as well in order to make sure that they can have a more positive impact on the attitude of the MS.
Practice Regarding Antibiotic Use
In our practice survey part, the MS showed a higher practice level for all the questions in general, indicating a higher level of medical knowledge on better practice regarding antibiotic use. However, it can also be found that the percentage of giving the right answers was low for questions P2 and P4, indicating that improvement in knowledge and attitude may not necessarily lead to a higher level of practice. It is interesting to see that, except for P4, the NMS students in the final year showed a lower practice level of antibiotic use than the first year, which may be explained by the fact that with more exposure to antibiotics, the former exhibited more misuse of antibiotics due to a lack of enough knowledge on antibiotic use.
Our findings call for tailored interventions to be provided to university students to improve their practice level. Internships in hospitals could be a good way for the MS to improve both their attitude level and practice level whilst supervised by their doctors, provided that the doctors conform to guidelines on rational prescription and medication in practice [18] . Relevant laws, regulations, guidelines, etc. regarding the rational use of prescriptions and selling of antibiotics need to be formulated by governments and hospitals, which can restrict the access to the unconditional purchasing of antibiotics by patients and their relatives (including students) from hospitals and clinics [23, 24] . Besides, not only the MS, but also the NMS, can learn from doctors and pharmacists on the proper use of antibiotics when they are sick and communicate with their doctors and pharmacists.
Strengths and Limitations of the Study
This study has a big sample size compared with two similar studies conducted in Nepal among 176 nursing and dental students [18] , and among 330 nursing students [19] . Most of the questions we listed in Tables 2-4 should be given special attention. From our findings, it is easy to view the priorities for the university with regards to developing interventions for the MS and NMS respectively and collectively. Our study also has some limitations. One is related to the data processing. Although we eliminated one invalid questionnaire from the study, we were unable to differentiate those blank answers that were not filled in by the participants due to being forgotten about from those that the participants did not know how to answer. Another is that it was only conducted at just one university and it has not yet been scaled up to the KAP survey conducted at other universities in order to understand the whole situation of KAP among university students in Nepal.
Conclusions
Our study found a significant gap in the level of knowledge/attitude/practice of antibiotic use between the MS and NMS, and between the first-and last-year study students. Education on the rational use of antibiotics should be strengthened through/by classes, workshops, seminars, etc. at the university, along with public approaches, such as the Internet, media, etc. It is necessary to establish a specific course on the rational use of medications that highlights the questions we identified in our KAP survey. The findings of this survey can be disseminated among the students to make them better understand their knowledge, attitude, and practice on antibiotic use. More research is needed regarding how to integrate better knowledge into attitude and further into practice.
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